The main objective of this study is to quantify the marginal impacts of irrigation and selected input factors on spatial (across 14 states) and temporal (from 1970-1993) variation in the rural poverty level in India. The study uses the head count ratio measure (percent of population below the poverty line) of poverty to evaluate how the poverty level is affected by input factors: irrigation, adoption of HYVs, fertilizer application, rural literacy rate and rural road density. It was found that marginal (incremental) impacts of irrigation followed by the rural literacy rate were larger in explaining the variation of rural poverty level in India than those of other factor-inputs selected. The marginal impact of groundwater irrigation on poverty reduction was larger than that of canal irrigation, which is due to greater control in the application and widespread use of groundwater irrigation than of canal irrigation. Despite mixed findings about the impact of irrigation on poverty from past studies, we have found large-scale marginal impacts of irrigation on rural poverty in India. This quantitative information is expected to be useful for designing targeted poverty alleviation and rural development strategies that also enhance agricultural-productivity growth.
Introduction
The main objective of this study is to quantify the aggregate-level marginal impact of irrigation on spatial and temporal variation of the rural poverty level in India by controlling the effects of selected input factors like farm technology, infrastructure and policy factors. The positive impact of irrigation on intensification of agriculture and on increased crop productivity and farm income has been very well documented by various studies in the context of Asian agriculture (see Lipton & Litchfield, 2002; Deb Roy & Shah, 2003; Mellor, 1985 Mellor, , 2001 Dhawan, 1988) . But when it comes to the marginal effect of irrigation on rural poverty alleviation versus other policy options, the relationship is not so straightforward. Past studies on irrigation impacts 1 on poverty show mixed findings: the results vary depending upon the scale of analysis and the regions selected as well as the methodology adopted. In fact, the relative importance of the marginal impact (incremental contribution) of irrigation versus other factors, like farm technology and rural-development policy, on poverty level is less explored in the literature, except for a few studies (Fan et al., 1999 (Fan et al., , 2000 Narayanamoorthy, 2001 Narayanamoorthy, , 2002 Huang et al., 2002) . As a result, the issue of the marginal impact of irrigation on poverty remains one of the controversial policy issues in the literature (see discussions in WCD, 2000; Perry 2001; Biswas & Tortajada, 2001) .
Irrigation constitutes by far the largest investment in the agricultural sector in developing countries. During the 1970s and 1980s, irrigation accounted for more than 50% of the total investment in agriculture in many Asian countries (Barker & Molle, 2002) and the same also applies to India (Dhawan, 1999) . Irrigation investments in the past were done mostly for the purpose of local and regional food security, rural poverty alleviation and balanced rural development (Barker & Molle, 2002; Dhawan, 1999) , but the relative (and actual) efficacy of irrigation for poverty alleviation versus the efficacy of other input factors is seriously questioned by some recent empirical studies such as WCD (2000) and Fan et al. (1999 Fan et al. ( , 2000 . However, Narayanamoorthy (2001 Narayanamoorthy ( , 2002 and Huang et al. (2002) disagree with it and they report a larger marginal impact of irrigation on rural poverty than other inputs and policy factors. There are also confusions on the methodology adopted, the scale of analysis and indicators of input factors adopted for irrigation impact assessment (see Huang et al., 2002; Bhattarai & Narayanamoorthy, forthcoming) . Therefore, the issue related to the marginal impact of irrigation on rural poverty remains a controversial and debated issue among applied researchers, leaving aside the confusion caused by this mix of results to the planners and decision-makers in the rural-development sector. In fact, issues related to the marginal effect of irrigation on poverty are closely related to discussions on water and poverty, as more than 80% of the total water in the developing countries is used for irrigation. Any improved information on the irrigation impact on poverty will have huge public policy implications on sectoral (re)allocation of water and discussion on issues related to water and poverty alleviation, which are some of the current important global policy issues.
The past empirical studies on the irrigation impacts on poverty are mostly carried out by comparing the agricultural productivity and poverty level of irrigated systems with the surrounding rain-fed situation (see Chambers 1988; EPW 2 2000; Hasnip et al., 2001; Lipton & Litchfield, 2002) . These irrigation-system-level studies have reported a very strong impact (total impact) of irrigation on rural poverty. However, the system-level comparative study on the performance of agriculture between irrigated and rain-fed regions, also called an unconditional irrigation-impact assessment, may not provide the relative strengths of the irrigation and other policy factors affecting rural poverty over time and across regions. Most of the system-level studies are based on particular time points wherein technology and other factors (input factors) are also embedded on the irrigation system, and each plays a crucial role in improving the farm productivity and rural-development process similar to that of 1 Though the focus of discussion of this study is on the marginal impact of irrigation, we have used the terms "impact" and "marginal impact" interchangeably in the text.
2 Economic and Political Weekly (EPW) of 30 December, 2000 published a series of articles (special feature papers) based on seven extensive village-level case studies from six Asian countries carried out by the International Rice Research Institutes, Philippines. These seven case studies clearly demonstrated the fact that the poverty rate and income inequality have rapidly declined in the favored Asian villages (irrigated villages) compared to the surrounding rain-fed villages.
irrigation. Neglecting the impact of other technology and policy factors on the variation of rural poverty is one of the serious appropriation problems in most of the irrigation impact studies in the past.
The unavailability of any credible empirical result from past studies was one of the reasons why the WCD report raised the issue of the efficacy and role of irrigation versus other factor-inputs in agricultural performance and in the poverty-reduction process (see WCD 2000, pp 100-101). On the whole, in order to make any firm conclusions about the rural poverty and irrigation nexus, there is a need to address issues such as:
(a) What is the incremental impact of irrigation and other factor-inputs on the rural poverty level? (b) How does the scale and structure of irrigation impact on the rural poverty alleviation process? (c) How does the marginal impact of canal irrigation on poverty differ from the marginal impact of groundwater and other sources of irrigation?
More than 35% of the population in India are under the absolute poverty line (of a population of 350 million), which accounts for more than one-third of the world's total population under the poverty line (Dreze & Sen, 2002) . Therefore, a poverty impact analysis of factor-inputs, including quantitative information on irrigation and poverty relationship, in India has a larger significance. Unlike the other developing countries, the availability of long time-series information on poverty and other variables disaggregated by administrative regions (states) in India makes possible such a poverty impact analysis at the reasonable aggregate level and allows the use of appropriate statistical analysis (panel analysis). Likewise, there is a large extent of variation and diversity of the states in India in terms of farm income, poverty level, agricultural production level and its patterns, eco-hydrology, sociology and governance factors. This means that the results estimated from the panel analysis across the states in India can also be generalized to wider regions and make the findings free from the context-specific situation (constraints). This paper has six sections. The second section presents the objective and scope of the study. The third section summarizes the key literature on irrigation impact on poverty. The study methodology and the analytical models are described in the fourth section. The fifth section presents the analysis on the impact of irrigation and other factor-inputs on rural poverty. The conclusions and policy implications of the study are given in the last section of the paper.
Objectives and scope of the study
The major objectives of this study are: (a) to quantify the marginal impact of irrigation by controlling the impact of other factors on the temporal and spatial variation in rural poverty levels in India; (b) to analyze the irrigation impact on rural poverty by the sources of irrigation i.e. the marginal impact of canal irrigation versus groundwater irrigation. For this purpose, the study used state-level aggregate annual data from 14 major states in India from 1970 to 1993. These 14 states account for more than 95% of the gross cropped area and 93% of the rural population in India. Therefore the coverage of the study is well representative of India.
The marginal impact of factors estimated here is a meta-relationship applicable to the all-India level. The marginal impact of individual factors may vary with the states, depending upon the state-specific characteristics from the meta-relationship derived here. Moreover, such a meta-relationship provides crucial information that is free from the region or site-specific constraints, and is useful in generalizing the findings to much wider regions. This is not possible from studies using one point of time irrigationsystem-level information, one point of time cross-section analysis across regions and/or time-series analysis for a region. But panel data analysis captures the dynamics of the variation of the relationship between the variables over time and across the cross section in a better way than either cross-section or time-series analysis, so the panel form of analysis is adopted in this study.
Literature on the irrigation impact on rural poverty 3
Irrigation increases crop and land productivity, land-use intensity and gross crop output per unit of land, and facilitates land augmentation (see Dhawan 1988 Dhawan , 1999 Vaidyanatha et al., 1994 ). Expansion of the production level also increases farm employment opportunities, employment security, labor productivity and wage rates. All of these secondary impacts of irrigation help to raise the standard of living and the livelihoods of the rural population, including the landless population and farm labor, in the irrigated area as compared to the prior rain-fed situation. Detailed reviews and discussions on this topic can be found in Shah & Singh (2002) , Saleth (1997) , Mellor (1985 Mellor ( , 2002 , Hasnip et al. (2001) , Lipton & Litchfield, (2002) and Bhattarai et al. (2002) . But most of these findings are based on the irrigation system or command level study, which cannot encapsulate all of these higher-order effects of irrigation and other factor-inputs on poverty. Recently, some of the studies on the marginal impact of irrigation on poverty in India (such as Fan et al. (1999 Fan et al. ( , 2000 and Narayanamoorthy (2001 Narayanamoorthy ( , 2002 ) used the aggregate level of analysis, but the indicators of factor-inputs used and the conclusions derived by these two studies differ from each other. Likewise, Thakur et al. (2000) (in India) and Huang et al. (2002) (in China) used the farm level information to isolate the marginal impact of irrigation on poverty from that of the other key input factors, and they reported a very large scale positive impact of irrigation on rural poverty compared to other policy factors. Fan et al. (1999, p 37) , using panel-analysis techniques across the states in India, have reported that the government's investment in irrigation with a marginal impact on rural poverty is 1/10th that of the government's investment in agricultural research and development (R&D) and the government's spending on the road infrastructure 4 . The same study reported that the marginal effect (in elasticity) of irrigation on rural poverty in India ranks fifth out of the eight different input factors selected, with a statistically not significant marginal impact on poverty of government spending in irrigation compared to spending on other input factors. However, another recent set of studies on the marginal impact of irrigation in India (Narayanamoorthy, 2001; Shah & Singh 2002) contradict the findings of Fan et al. (1999 Fan et al. ( , 2000 . Similarly, in a farm-plot-level study on the marginal impact of irrigation on poverty in China, Huang et al. (2002) reported a very strong impact of irrigation in lowering rural poverty. These later sets of studies used actually realized factor-inputs (variables indications) to explain the poverty instead of government sectoral investment as used by Fan et al. (2000) in the case of India.
These studies have also raised questions regarding the methodology and indicators of the factors adopted by Fan et al. (1999 Fan et al. ( , 2000 using "government sectoral investment" as a proxy for the factorinputs. This is particularly in the context of the vast differences in public-sector institutional performances (agency quality, accountability, corruption, etc.) and the process of government spending across the sectors and states in India. Further discussions on these methodological issues on the estimation of the marginal impact of factor-inputs can be seen in Huang et al. (2002) and Bhattarai & Narayanamoorthy (forthcoming) .
Only a very limited set of empirical studies has so far used irrigation as a principal explanatory variable to explain the poverty level, independent of the other input factors. Previous studies on the irrigation impact on poverty have mostly sought the explanation through increased crop productivity and agricultural production level. The cross-sectional (states) variations in poverty in India have been sought through agricultural growth (Ahluwalia, 1978; Saleth, 1997) and the average value of agricultural output per hectare (Datt & Ravallion, 1996; Dhawan, 1988) . In fact, the marginal impact of irrigation at the aggregate level will encapsulate both direct and indirect effects of irrigation on poverty in a region. The impact of irrigation on poverty conditions depend upon several factors and therefore estimating the marginal impact of irrigation, independent of other input factors controlling the effect of other complementary factors on poverty, is important from the perspectives of policy. To some extent, the aggregate impact assessment, as used in this study, also incorporates the issues related to the negative impact of irrigation, such as social disruptions and environmental externalities of irrigation development. Some of these significant negative consequences of social and environmental disruptions associated with irrigation development are, in principle, also already reflected in the aggregate-level variations in the poverty level in a state (region) as used in the analysis.
Methodology
This study adopts the aggregate-level panel data analysis, i.e. spatial (cross-states) and temporal (time series) analysis, to isolate and quantify the marginal impact of irrigation on rural poverty by controlling the marginal impact of other selected input factors. The panel model attempted here better separates out the marginal impact of individual input factors by minimizing the collinearity problem across the explanatory variables in the multivariate regression model. This is not so easy in the case for either cross-section or time-series analysis of the topic (see Hsiao, 1986; Greene, 1997) . Specification and proper characterization of poverty is very problematic and, at any moment, the poverty level is affected by various underlying structural and institutional factors, which greatly vary across regions and over time. As mentioned earlier, the irrigation-system level impact study, usually focusing on one time point, does not encapsulate all the spatial and temporal variations of these input factors and the performance indicators (poverty). The aggregate-level marginal analysis (conditional impact assessment) allows us to better separate out the marginal impact of individual factor-inputs and therefore this method is adopted in this study.
Econometric model
The panel form of model better isolates the incremental impact of individual factors and, at the same time, minimizes both the collinear relationship among the input factors in the model and the multi-collinearity biases (Greene, 1997) . A reduced form of aggregate supply-function type of model is used for an empirical analysis, taking state-level annual information as a unit of analysis. The data from 14 states of India are taken , although observations are missing for some years, as poverty level is not reported annually by the Government of India (details are given in Datt & Ravallion (1996) ). The marginal impact of factors affecting poverty is estimated as in Equation (1): (1) where: Irrigation impacts on poverty pass through various channels in addition to increased crop production and productivity and, therefore, the irrigation impact on poverty is also conditioned upon the nature of the agricultural-production process, labor market structures, extent of the non-farm-sector growth and other underlying structural and institutional factors of a region. By controlling the marginal effect of some of these policy, technology and infrastructural factors on poverty across the states and over time, Equation (1) gives better estimates on the marginal impact 5 of irrigation on the poverty level than from the unconditional impact study (such as two-factors correlation analysis, irrigation-system-level comparative study, etc.). Moreover, Equation (1) evaluates the direct impact of the input factors on poverty but not the total effects, which also include indirect effects and the lag effect of the factor-inputs like irrigation, education and road factors. The total impact of irrigation (or of other factors) on poverty, including the indirect impact, could be larger than the value of the marginal impact reported in this study.
Equation (1) Bhattarai & Narayanamoorthy (2003) .
Source-wise irrigation impact on poverty
Considering the rising trend of groundwater share in total irrigated area and other changes taking place in the irrigation sector in India, the marginal impact of canal irrigation on poverty is estimated separately from that of the marginal impact of groundwater irrigation. The empirical model is specified in Equation (2): (2) where:
= State-specific intercept, i stands for each state; Canal = Percent of canal irrigated area out of net irrigated crop area; Groundwater = Percent of groundwater irrigated area out of the net irrigated crop area; other variables are defined already in Equation (1).
The purpose of estimating Equation (2) is to quantitatively evaluate the relative strength of canal irrigation versus groundwater on the temporal and spatial variations of the rural poverty level in India with a minimum level of restriction in the estimated irrigation parameters. Hence, this form of panel model serves the purpose best. Here, Equation (2) allows for a separate intercept 7 to each state to account for the effect of state-specific structural and institutional factors on the poverty level; hence this is called the fix-effects panel model. Equation (2) separates the net marginal impact of irrigation on poverty level independent of other state-specific institutions and structural constraints.
Results and discussions
This section is divided into three parts. First, in order to understand the dynamics of poverty and irrigation across the states in India, a simple trend and correlation analysis between irrigation and poverty level across the states is provided. The second part discusses the empirical result on the marginal impact of factors on poverty estimated from the panel form of regression model. The third part of this section presents the marginal impacts of source-wise irrigation on rural poverty. 7 Because of two different specifications of the irrigation variables used, and the lesser number of time points for the statespecific information, we have used only the time trend and state-specific intercept in Equation (2) to impose a minimum level of restriction on the parameter estimates of variables in canal irrigation and groundwater irrigation. Here, we want to control the state-specific characteristics on analyzing the variation of irrigation and poverty in India so the form of model is used which best serves the purpose.
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General overview on variation of irrigation and poverty level in India
The spatial (across the 14 states) and temporal (changes over 20 years) variation of irrigation and poverty in India is shown in Table 1 , where the states are arranged based on the increasing poverty level in 1993-94. The relationship between irrigation and poverty across the states is not straightforward; however, the rural poverty level is, in general, higher in states with less degrees of irrigation in 1973-74 and 1993-94 . Obviously, Kerala and Bihar are exceptional cases here. On average, the poverty level has been reduced by about 20 percentage points in India over the 20 years selected. The extent of irrigation is much lower in Orissa, Madhya Pradesh and Maharashtra when compared to the other states in 1993-94; these states also have a persistent higher level of rural poverty compared to the all-India level. The extent of rural poverty was much lower in Punjab and Haryana, states with a larger proportion of irrigated area, even in the early 1970s when compared to the all-India-level poverty rate.
Three distinct patterns of irrigation and poverty are shown in The correlation coefficient between irrigation and poverty across the 14 states was -0.63 in 1973-74, which, however, declined to -0.30 in 1993-94 (Table 1) . This means that factors other than irrigation have started to play a major role in the variation of poverty over the years. Though the strength of the relationship between irrigation and poverty across the 14 states has continuously declined over time (Tables 1 and 2) , this is not so with regard to the relationship between the groundwater source of irrigation and poverty. This means that what matters for the variation of poverty in India is not only the overall irrigation but the structure of irrigation and/or the nature of access.
The correlation between average food-grain productivity and poverty across the states has, however, increased over the period (Table 2) , supporting the operating of the trickle-down hypothesis in the rural economy of India (For a discussion see Ahuluwalia (1978) , Mellor (1985 Mellor ( , 2001 and Datta & Ravallion (1996) ). Likewise, the correlation between irrigation and average food-grain productivity across the states was very high over the 20 year period selected, which implies that the food-grain productivity is substantially higher in the irrigated region compared to the rain-fed region in India. The varying patterns of irrigation and poverty shown in Tables 1 and 2 constitute a reasonable fact considering the large variation in the agricultural production process, technology adoptions and other institutional factors across the states in India. In fact, this warrants a more rigorous statistical analysis to quantify the relationship between irrigation and poverty, as discussed in the following subsection.
Marginal impact of irrigation and other factors on poverty level
The results estimated from the panel regression models showing the marginal impact of factor-inputs on the poverty level (measured by head count ratio) are reported in Table 3 (Models 1 and 2). Model 1 illustrates only the direct impact of factor-inputs, but Model 2 includes three additional interaction terms between the two corresponding factor-inputs to estimate the joint effect of input factors on the variation of rural poverty level in India. The negative sign of the time-trend variable in Models 1 and 2 implies that the weighted average of the rural poverty level in India has continuously declined over the time period selected, as was also shown earlier in Tables 1 and 2. The marginal impact of irrigation on rural poverty is higher compared to the marginal impact of other factor-inputs included, with an elasticity value of 0.27 (Model 1) as a direct impact. The marginal impact of irrigation increases when the interaction terms are included in the model (Model 2), and so are the impacts of other variables selected. The joint effect of irrigation, HYV, irrigation and rural literacy is Note: The table shows the over-time changes of the correlation coefficients between two corresponding variables across the 14 states of India. FG productivity = average food-grain productivity (in kg/ha). GW= percent of groundwater irrigated area. Irrigation = percent of gross irrigated crop area. significant in Model 2, which means the slope coefficient of irrigation against poverty is not constant but depends on the level of HYV and farmers' educational level, or vice versa. In other words, the results suggest that the joint effects among the factor-inputs (interaction effect) are also important in explaining the variation on poverty across the states. This is plausible considering the nature of agricultural production, since the adoption of HYVs and fertilizer use are higher in the irrigated area compared to the rain-fed area. The slope coefficient of the joint effect of input factors (interaction terms) in Model 2 is, in general, smaller than the magnitude of the direct effect of the individual input factors included, which means the direct impacts of factor-inputs still count more for the policy perspectives. Fertilizer use, which captures the effects of farm intensification and the adoption of technology, is negative in Model 2, but statistically not significant in Model 1. The HYV adoption rate, which captures the effect of crop-technology adoption on poverty, is significant and has the expected sign in Model 1.
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The direct impact of HYV adoption is statistically significant in Model 2 but with unexpected sign. However, the joint effect between HYVs and irrigation has turned out with the expected sign in Model 2. The marginal impact of the rural literacy rate (farmers' education level) on poverty is negative and statistically significant, with an elasticity of -0.12 in Model 1; its marginal impact is furthermore larger in Model 2 with the interaction term 8 . This means that farmers' education has a critical role to play in poverty alleviation in India. Improvement of rural education positively affects agricultural growth and rural development due to facilitating adoption of new technology, improved farm management and farm decisionmaking (better inputs mix and crop choice) and the farmer's ability to take an active participation in agricultural marketing. More importantly, improved rural education means also better labor mobility across the sectors in the rural economy and relatively higher labor earning due to increased labor productivity. These changes in the labor market brought about by improved education help in increasing the labor income and, in turn, reduces the rural poverty level in a region (see Dreze & Sen, 2002) . This is also because labor earning is the main source of income for the landless communities where rural poverty is mostly pervasive in India.
The marginal effect of rural road density in Model 1 is positive and significant, which is opposite to our prior expectation, and is negative in Model 2 with the interaction terms but statistically not significant at the 10% level. This implies that the marginal impact of permanent highways on poverty is weaker in India compared to the marginal effect of other input factors included in our analysis. Earlier, Shah & Singh (2002) , using a disaggregated analysis across 200 Talukas 9 in the Gujarat state of India, also reported an insignificant marginal impact of the permanent highway and/or road factor on rural poverty alleviation in the state.
The positive and statistically significant interaction term of irrigation and rural literacy (irrigation × literacy) in Model 2 depicts the micro-behavior of intersectoral and intrastate (also interstate) labor mobility, an educated labor force moving out of irrigated agriculture into other non-farm-sector activities in the Indian economy. The results imply that irrigation and education each independently helps in reducing the rural poverty level, but their joint effect is opposing each other because of labor mobility and the shifting of educated labor across the states and across the sectors (out of irrigated agriculture into non-farm-sector activities). This is also due to the relatively lower-income earning power in irrigated farming compared to that of the non-farm-sector activities.
The adjusted R 2 value of Model 1 is 0.53 (unweighted) and 0.90 with the GLS model (unweighted value) 10 . The unweighted adjusted R 2 of Model 2 with the interaction terms is lower than its value in Model 1, but the weighted adjusted R 2 of Model 2 is higher than that of Model 1. Overall, the explanatory power of the models reported in Table 3 is about 50% 11 in explaining the total variation of the rural poverty level in India, as reflected by the adjusted R 2 value. This is a reasonable expectation since, in reality, a very complex set of sociopolitical and institutional factors determine the poverty level. Quantification and performing a systematic statistical analysis of all of these poverty-determining 8 Estimation and interpretation of the elasticity value of factor-inputs with the interaction term, as done in Model 2, is problematic since the slope coefficient of a variable (irrigation) depends here upon the level of other variables (HYV or education). Therefore, the elasticity value of the factor-inputs in Model 2 is not reported in Table 3. 9 Taluka is a lower-level government administrative unit than the district administrative unit in India, which comprises about 50-60 Gram Punchayats (village administrative unit). The size of a Taluka, however, largely varies by region. 10 The adjusted R 2 values show the relative explanatory power of the model and the joint explanatory power of the independent variables included in the model to explain the variation of the dependent variable.
11 The adjusted R 2 (weighted value) of Model 1 and Model 2 are 0.90 and 0.94, respectively, as shown in Table 3 . The explanatory power of the GLS model is, however, judged in terms of the unweighted value of the adjusted R 2 rather than in terms of the weighted value.
factors in one economic model is virtually an impossible task. In addition, other poverty-determining factors are, in general, time-invariant variables (such as culture, caste and social hierarchical systems, sociopolitical institutions, the physical environment, and so on). These time-invariant factors are outside quantitative modeling. The statistical modeling of the complex factor, like poverty, is also another of the limitations in this type of aggregate economic-modeling exercise as adopted here.
Source-wise irrigation impact on poverty: canal versus groundwater
The marginal impact of irrigation on poverty is expected to be different across sources of irrigation because of the quality differences (in terms of reliability and controllability) and the nature of agricultural production patterns adopted. Therefore, we have separately estimated the marginal impact of canal irrigation on poverty from the impact of groundwater irrigation. This is done, first by regressing rural poverty level (HCR) only with the percent of gross irrigated crop area along with time trend. In the second stage, the poverty level is regressed with the percent of the canal-irrigated area and the percent of the groundwater-irrigated area and with time trend, without other policy factors. The results are reported in Table 4 (Models 3 and 4). The state-specific intercept here controls for the state-specific institutional and structural factors 12 as explained earlier in Equation (2). Table 4 were estimated as fixed-effects panel model, allowing a separate intercept for each of the states to control the effects of state-specific institutional and policy factors on variation of poverty level across the states. The model is estimated as WLS technique (GLS) as adopted in Table 3 . 3. Other symbols in Table 4 and technical terms are as explained in Table 3. 12 Poverty level is affected by several other region-specific factors, in addition to irrigation. The fixed-effects model includes a cross-sectional, specific intercept to represent the impact of region-specific characteristics (institutions, structural and environmental factors). The adjusted R 2 value of the fixed-effects panel model is, therefore, higher than that of the constant intercept panel model because of the inclusion of these variations on region-specific characteristics.
The irrigation variable in Model 3 (in Table 4 ) is negative and statistically highly significant, which is consistent with our prior expectation. This implies that, even after controlling the effects of statespecific institutions, structural and hydro-environmental factors in the fixed-effect form of the panel regression model, the marginal impact of irrigation on rural poverty is negative and statistically highly significant. The elasticity value of irrigation with poverty in Model 3 (Table 4) is lower than its value in Model 1 (in Table 3 ). This is due to the inclusion of other state-specific intercepts in Model 3. The statespecific institutional and structural factors have a strong effect on poverty and, therefore, the fixedeffects models in Table 4 have a higher level of explanatory power (adjusted R 2 ) than the overall explanatory power of the constant intercept panel models in Table 3 .
The relative impact of both canal water and groundwater irrigation on the poverty level was negative and statistically significant in Model 4 ( Table 4 ). The marginal impact of groundwater irrigation on poverty (HCR) was higher than that of canal irrigation, the elasticity values with the poverty (HCR) being -0.26 and -0.20, respectively. This means that it is not only the overall irrigation that is important in reducing the level of rural poverty but also the structures of irrigation 13 . The distribution of groundwater is more dispersed but the development of canal irrigation in India is not equally distributed across the regions; it is more concentrated in certain politically powerful and sociopolitically favored constituencies (see discussions in Sampath, 1992; Wade, 1982) . This could be another reason for the existence of the complex irrigation and poverty nexus across the states in India.
Conclusions and implications
The main purpose of this study was to quantify the marginal impact of irrigation and other factors explaining the temporal and spatial variation of rural poverty across the 14 states in India, controlling the marginal effect of other input factors selected. The positive impact of agricultural growth on rural poverty is empirically established by previous studies (see Alhuwalia, 1978; Mellor, 1985 Mellor, , 2001 Datt & Ravallion, 1996) . However, despite the fact that irrigation is the main factor that determines the growth of agriculture, it has not been used as a principal explanatory variable while analyzing the variation in rural poverty by earlier studies. Moreover, the agricultural productivity growth is an end result caused by improvement in several other factors in the economy, and agricultural growth as such is not a policy instrument that the policy makers can adjust in the economy, but the agricultural growth at any moment is affected by several factors. Therefore, we have instead evaluated the poverty impact of the selected agricultural-growth-enhancing input factors that policymakers can adjust in an economy at any moment, and they can make trade-off decisions on the relative importance of poverty alleviation and productivity growth. The empirical analysis is done using the panel-data analysis technique and covering state-level annual aggregate information across 14 major states of India from 1970-1993 The panel-data technique is also one of the solutions to minimize the multi-collinearity problems in such 13 Earlier, Narayanamoorthy (2002) and Moench (2003) also reported that, in relative terms, the impact of groundwater irrigation has a relatively stronger effect on the rural poverty alleviation process in India than the other sources of irrigation. Narayanamoorthy (2002) used aggregate marginal analysis and found a stronger marginal impact of groundwater irrigation on rural poverty reduction in India, even controlling for the impact of factors like rural wage rate and per capita agricultural sector GDP. multi-factor regression analyses (Greene, 1997; Hsiao, 1986) . We have used the GLS form of panel model to correct the scale, level, and heterogeneous biases across the Indian states over time.
The empirical results of the study show that the marginal impact of irrigation (i.e. direct impact of irrigation) is relatively higher on the rural poverty level in India than any other factors included in the analysis. This means that the future strategy on rural-poverty alleviation in India largely depends on how efficiently irrigated agriculture is managed, its performance level and access to irrigation, in general. The study also reveals the interesting point that the marginal impact of groundwater irrigation on spatial and temporal variation of poverty in India was higher than the marginal impact of canal irrigation. It implies that it is not only the level of overall irrigation access but also the structure and source of irrigation that are important in determining the scale of irrigation impact on rural poverty level in India.
Followed by irrigation, the rural literacy rate has turned out to be another important factor in explaining the variation in rural poverty in India. An improved literacy rate facilitates farmers not only to get better access to agricultural markets but also helps them to use improved farm-management practices. This also increases labor productivity by facilitating labor mobility across the sectors (regions) and, in turn, better labor income. In addition, an improved rural education level also makes possible sociopolitical changes for better empowerment and entitlement of the rural communities, including the improved bargaining power of landless labor and other backward communities, which are the most poverty-stricken segments of Indian society.
The marginal impact (direct effect) of factors like HYV adoption and fertilizer use on the poverty level in India over the period selected is much lower than our prior expectation. Likewise, the poverty impact of permanent roads (highway) is also not so obvious here, which could be due to more lag effects and indirect effects of the road like infrastructural factor, rather than the direct impact of factor-inputs estimated here.
In the context of the limited studies on the topic of the marginal impact of irrigation on poverty (conditional impact assessment), the empirical information derived in this study is expected to contribute to the literature. The meta-relationship on the factors' impact estimated from the panel form of model across the diverse set of states in India is also useful to wider regions, since the relationship estimated here is free from context-specific characteristics (constraints). The improved quantitative information on the marginal impact of irrigation and other input factors derived in this study is useful for designing pro-poor rural-development strategies that also favor agricultural growth, since each of the input factors selected for analysis here also directly contributes to agricultural-productivity growth.
